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selecting a direction of interest along the time axis of each 
seismic trace 

V 

determining the distance from the first time value to the 
closest amplitude characteristic of interest in the direction of 
interest for each seismic trace to produce a first array of time 
structure values 

V 

selecting a second time slice comprising a second time value 
of amplitude data in the seismic volume 

V 

determining the distance from the second time value to the 
closest amplitude characteristic of interest in the direction of 
interest for each seismic trace to produce a second array of 
time structure values 

I 

20 Claims, 9 Drawing Sheets 

displaying all the arrays of time structure values to produce a 
displayed time structure volume 
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transmitting an acoustic signal into the earth 

receiving a multiplicity of re?ected acoustic signals from the 
earth, resulting from the prior transmitting step with a receiver 
array comprising at least three non-colinear receivers 

recording the amplitude of each re?ected acoustic signal as a 
function of time to construct a seismic volume comprised of a 
seismic trace for each recorded acoustic signal 

selecting an amplitude characteristic of interest in the seismic 
volume 

identifying the time of each amplitude characteristic of 
interest for each seismic trace 

selecting a first time slice comprising a first time value of 
amplitude data in the seismic volume 

To Figure 8 b 

Figure 8 a 
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From Figure 8 a 

i 
selecting a direction of interest along the time axis of each 
seismic trace 

determining the distance from the first time value to the 
closest amplitude characteristic of interest in the direction of 
interest for each seismic trace to produce a first array of time 
structure values 

selecting a second time slice comprising a second time value 
of amplitude data in the seismic volume 

determining the distance from the second time value to the 
closest amplitude characteristic of interest in the direction of 
interest for each seismic trace to produce a second array of 
time structure values 

displaying all the arrays of time structure values to produce a 
displayed time structure volume 

Figure 8 b 
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METHOD OF PROCESSING SEISMIC 
GEOPHYSICAL DATA TO PRODUCE TIME, 

STRUCTURE, VOLUMES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The method of the present invention relates to the ?eld of 
seismic data interpretation for the purpose of ?nding natural 
occurrences of oil and/or gas in a geological formation. The 
invention relates to a method of processing seismic geo 
physical data to produce time structure volumes. The 
method of the present invention is capable of displaying the 
position and orientation of layered rocks in the subsurface of 
the earth. 

2. Description of the Prior Art 
Seismic data are produced by transmitting an acoustic 

signal into the Earth and recording echoes of this signal. 
Various means are used in the prior art to produce an 
acoustic signal, such as dynamite. The Earth typically con 
sists of layers of rock, and the acoustic properties of the rock 
typically change from layer to layer. Echoes are caused by 
changes in acoustic properties, and surfaces that produce 
echoes constitute “surfaces of re?ection”. The geometric 
relationships of these layers, as expressed by the surfaces of 
re?ection, are collectively knoWn as the “structure of the 
subsurface”. 

It is desirable for interpreters to knoW Whether the layers 
are tilted and the degree of tilt, and Whether they form 
curved rather than planar surfaces, and Whether the layers 
are broken or discontinuous. Subsurface rocks are generally 
porous, like beach sand but With less ability to absorb ?uids, 
and contain either Water, oil, or gas. Oil and gas are lighter 
than Water and ?oat upWard in the subsurface as they do at 
the surface. The path of movement and the cessation of 
movement is in large part dependent on the geometry of the 
subsurface layers in Which the ?uids move, Which makes 
this geometry of interest to seismic interpreters. 

The geometry also alloWs the interpreter to deduce vari 
ous geological characteristics, including hoW the rocks Were 
deposited This history can be important in more sophisti 
cated analyses regarding the generation of oil and gas and 
the distribution of pores in the subsurface. 

To detect geometric relationships, echoes must be col 
lected over an area, so seismic receivers are typically laid 
out along a line or in a grid pattern over the surface of the 
Earth. Prior art methods employ arrays of acoustic receivers 
to collect these echo signals. Capture over an area permits 
comparison of echoes from location to location. Prior art 
methods record echo signal amplitudes for each receiver as 
a function of time. These signals are knoWs as “echo trains.” 
Prior art echo trains may display time on a vertical aXis and 
amplitude on a horiZontal aXis. 

When echo trains from the grid locations are organiZed for 
display as a Whole, the collection is referred to a “seismic 
volume” because it is the seismic representation of a volume 
of subsurface rock. FIG. 1 depicts a typical seismic trace as 
detected by a receiver at the surface. In FIG. 1, time is 
depicted on the vertical aXis in seconds. Amplitude is shoWn 
on the horiZontal aXis. The strength of the echo rises and 
falls over a period of several seconds, and this rise and fall 
With time is recorded for processing and analysis. A single 
echo train is referred to as a “seismic trace”. 

There are sophisticated techniques used in the prior art for 
improving the signal quality of seismic traces, such as by 
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2 
averaging echo trains from several receivers. “Interpreta 
tion” of seismic data refers to deducing the possible eXist 
ence and location of oil and gas in the volume of rock 
represented by the seismic data. Prior art methods have 
employed the study of “lines” of seismic data. Aline consists 
of data from one roW or column of the grid of receivers 
described above. Aline display provides a pro?le vieW of the 
seismic echoes so that one can readily see differences in the 
chain of echoes along the line. 

FIG. 2 depicts a typical seismic line, and FIG. 3 shoWs in 
map vieW the location of this line in a grid of lines. Aseismic 
volume consists of the collection of all the seismic lines or 
all of the seismic traces. The seismic volume may be sliced 
at various angles to display information of interest. A 
vertical slice through a seismic volume results in a display 
of amplitude data as a function of time for a line, as shoWn 
in FIG. 2. Avertical line intersects the dotted horiZontal aXis 
near the top of FIG. 2. The trace shoWn in FIG. 1 is also 
depicted beloW this vertical line in FIG. 2. For background 
purposes, FIG. 3 shoWs a typical grid of seismic data lines 
in map vieW. The location of every tenth north-south and 
east-West line is draWn in map coordinates. The location of 
the east-West section shoWn in FIG. 2 is indicated by the 
heavy dashed line in FIG. 3. 
A horiZontal slice through the seismic volume is referred 

to as a “time slice.” A time slice depicts amplitude data as 
a function of spatial position, as shoWn in FIG. 4. FIG. 4 
depicts a horiZontal slice across each of the vertical sections 
at a time of 2.758 seconds. The circle traces in FIG. 2 
correspond to the circled area shoWn in FIG. 4. By com 
paring FIGS. 2 and 4, one can see that the dark amplitudes 
of FIG. 2 at 2.758 seconds are part of sinuous north-south 
trend. Vertical and horiZontal slices through the seismic 
volume to display amplitude data as a function of time and 
spatial position, respectively, have been employed in the 
prior art. 
As seen in FIG. 4, the data display is blurred and lacks 

crisp detail. This lack of detail translates to a lack of precise 
information regarding the structure of the subsurface. The 
present invention provides an improved method of process 
ing and displaying seismic volume data to enhance structural 
resolution. 

SUMMARY OF THE INVENTION 

The present invention provides a method for making 
structural relations easily seen in areal vieW. The present 
invention provides an enhanced understanding of the struc 
ture of the subsurface formation Without interpreting data 
line by line. Application of the invention may save signi? 
cant time and improve accuracy as Well as thoroughness in 
the search for oil and gas. The invention is described in 
terms of seismic volumes When the vertical measurement is 
time. The present invention also applies When the vertical 
aXis is measured in depth. If the vertical measurement is 
depth, the present invention uses depth slices, instead of 
time slices. Accordingly, in the present description of the 
invention, the term “time” can be replaced With “depth” 
Where the vertical aXis is measured in depth. 

The present invention converts the information contained 
in a three dimensional volume of seismic trace data to 
multiple arrays of time structure values Which can be 
collectively displayed as a time structure volume to more 
accurately and clearly depict the structure of the geological 
formations from Which the seismic trace data Was obtained. 

A time structure display resulting from practicing the 
present invention is shoWn in FIG. 5. The amplitude infor 
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mation of FIG. 4 is replaced by structural information in 
FIG. 5. FIG. 4 shows the amplitudes of traces Where they 
intersect the time slice, and the display has the same general 
loWer left to upper right trend as is shoWn in FIG. 5; 
however, FIG. 4 lacks the structural detail and crispness of 
FIG. 5. Independent of its crispness, FIG. 4 does not shoW 
events (characteristic changes in amplitude, such as peaks or 
troughs), or Where events intersect a time slice, or the 
direction in Which an event is to be found beloW the time 
slice. FIG. 4 gives an indication of the geophysical response 
of rock at a given time slice; hoWever, it does not illuminate 
the structure of the geology. The time slice vieW represented 
by FIG. 4 does not convey the same information as con 
veyed in FIG. 5. In FIG. 5, a partially formed dome is shoWn 
in the circled area. Features like these are of interest because 
they form upside doWn basins that may capture oil and gas 
moving toWard the surface. Several lines Would have to be 
interpreted and the correct seismic event Would have to be 
traced on each line in order to detect this feature Without a 
time structure display. FIG. 5 provides useful information 
that has previously required tedious study of many cross 
sections over eXtended periods of time. The present inven 
tion provides a far more ef?cient manner of obtaining such 
information. 

DESCRIPTION OF THE FIGURES 

FIG. 1 is a temporal trace of a seismic echo depicting time 
on the vertical aXis and amplitude on the horiZontal aXis. 

FIG. 2 is a plot of adjacent seismic traces of the type 
shoWn in FIG. 1. 

FIG. 3 is a grid depiction of seismic data in map vieW. 

FIG. 4 is a gray scale display of amplitudes in the seismic 
volume at a selected time slice in the seismic volume. 

FIG. 5 is a time structure display of the data shoWn in 
FIGS. 2, 3,and 4. 

FIG. 6 is a graph of amplitude characteristics of interest 
as a function of time. 

FIG. 7 is a enlarged version of the information plotted in 
FIG. 2 for illustrating the derivation of a time structure 
volume. 

FIGS. 8a—8b are a block diagram of a preferred embodi 
ment of the present invention 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is directed toWard a method of 
processing seismic geophysical data to produce time struc 
ture volumes. In a preferred embodiment, this method 
comprises transmitting acoustic signals into the earth from 
an acoustic source displaced or deployed over a target area, 
as shoWn in block 10 of FIG. 8a. 

This preferred embodiment further comprises receiving a 
multiplicity of re?ected acoustic signals from the earth, 
resulting from the prior transmitting step With a receiver 
array comprising at least three non-colinear receivers, as 
shoWn in block 12 of FIG. 8a. In one embodiment, the 
receivers are positioned to form a triangular array. In another 
embodiment, an N by N array of acoustic receivers is 
displaced over a target area. In this embodiment, N is an 
integer that is greater than or equal to tWo. In this 
embodiment, the acoustic receivers may be positioned to 
form a rectangular or square array. In another embodiment 
N is at least 10. 

In one embodiment, the receiving is carried out for a time 
of at least 1.5 periods of the acoustic signal frequency, Where 
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4 
the period is the inverse of the frequency. The receiving step 
may be carried out using receivers manufactured by Input/ 
Output, Inc. of Stafford, TeX. or by Western-Geco, Inc. of 
Houston, TeX. 

This preferred embodiment further comprises recording 
the amplitude of each re?ected acoustic signal as a function 
of time to construct a seismic volume comprised of a seismic 
trace for each recorded acoustic signal, as shoWn in block 14 
of FIG. 8a. An eXample of a seismic trace is shoWn in FIG. 
1. A multiplicity of seismic traces along a vertical plane 
constitute a seismic section, as shoWn in FIG. 2. The traces 
of FIG. 2 may be located along a line that is draWn along the 
Earth’s surface. 

In one preferred embodiment, the recording is carried out 
for a time of at least 1.5 periods of the acoustic signal 
frequency. In a preferred embodiment, the recording and 
receiving steps are carried out for time durations of the same 
length. In a preferred embodiment, the recording, or seismic 
sampling step, is eXecuted in temporal intervals of tWo or 
four milliseconds. 
An amplitude characteristic of interest in the seismic 

volume is selected, as shoWn in block 16 of FIG. 8a. The 
amplitude characteristic of interest maybe a peak, a trough, 
or a Zero crossing, as illustrated in FIG. 6. 

In this preferred embodiment, the method further com 
prises identifying the time of each amplitude characteristic 
of interest for each seismic trace, as shoWn in block 18 of 
FIG. 8a. A ?rst time value of amplitude data in the seismic 
volume is then selected, as shoWn in block 20 of FIG. 8a. 
This ?rst time value is knoWn as a “?rst time slice.” A 
direction of interest along the time aXis of each seismic trace 
is also selected, as shoWn in block 22 of FIG. 8b. 

In a preferred embodiment, the identifying of the time of 
each amplitude characteristic of interest comprises using a 
mathematical method to derive an equation for amplitude as 
a function of time. In one preferred embodiment, the math 
ematical method comprises a quadratic interpolation. In 
another preferred embodiment, the mathematical method 
comprises a cubic spline method. 

This preferred embodiment further comprises determin 
ing the distance from the ?rst time value to the closest 
amplitude characteristic of interest in the direction of inter 
est for each seismic trace to produce a ?rst array of time 
structure values, as shoWn in block 24 of FIG. 8b. 
A second time value of amplitude data in the seismic 

volume is then selected, as shoWn in block 26 of FIG. 8b. 
This second time value is knoWn as a “second time slice.” 

This preferred embodiment further comprises determin 
ing the distance from the second time value to the closest 
amplitude characteristic of interest in the direction of inter 
est for each seismic trace to produce a second array of time 
structure values, as shoWn in block 28 of FIG. 8b. 

FIG. 5 is a Time Structure display of the data shoWn in 
FIGS. 2, 3, and 4. FIG. 5 is a horiZontal plane, or map, vieW 
of the data, similar to FIG. 4 and in contrast FIG. 2, Which 
provides a vertical plane vieW of the data. The lighter areas 
represent re?ection surfaces that are nearer, and darker areas 
represent re?ection surfaces farther from the vieWer. The 
gradation in brightness of the bands in FIG. 5 reveals that the 
majority are sheets tilted doWnWard toWard the upper left. 
For reference, an arroW pointing doWnhill is shoWn in FIG. 
5. This ?gure is to be compared With FIG. 4, Which is a 
common display of a time slice in a seismic volume. FIG. 4 
shoWs a trend from loWer left to upper right, but it shoWs 
neither the direction nor the degree of tilt. 

Multiple arrays of time structure values may then be 
displayed to produce a displayed time structure volume. In 
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one preferred embodiment, the displaying comprises assign 
ing different gray scale values to different time structure 
values. In another preferred embodiment, the displaying 
comprises displaying different ranges of time structure val 
ues in different colors. In a preferred embodiment, all arrays 
of time structure values are displayed to produce a displayed 
time structure volume, as shoWn in block 30 FIG. 8b. 

FIG. 7 may better illustrate hoW a time structure volume 
is derived. In this case one is looking for a peak relative to 
the time slice at 2.750 seconds. At the far right, the peak is 
very near this time and as one moves to the left, the distance 
to the peak increases. The invention records the times from 
the time slice to the peaks, and the increasing times appear, 
in FIG. 5 for eXample, as a sloping surface. 

In a preferred embodiment, seismic volumes are typically 
stored as data ?les in a digital storage means, comprising 
one seismic volume per ?le. The ?les comprise the seismic 
traces, illustrated in FIG. 1. One or more traces may be read 
at a time. An algorithm is then applied to calculate the 
distance to the amplitude characteristic of interest. The 
resulting data may then be displayed as a seismic volume. 

The above described embodiment of the present invention 
is directed toWard displaying a time structure volume com 
prising at least a ?rst array and a second array of time 
structure values. In other embodiments, the present inven 
tion provides a method for displaying more than tWo arrays 
of time structure values to produce a displayed time struc 
ture volume. 

In one preferred embodiment, the invention comprises the 
steps described above as Well as selecting a third time value 
of amplitude data in the seismic volume, knoWn as a “third 
time slice,” and determining the distance from the third time 
value to the closest amplitude characteristic of interest in the 
direction of interest for each seismic trace to produce a third 
array of time structure values. In this embodiment, the 
invention further comprises selecting a fourth time value of 
amplitude data in seismic volume, knoWn as a “fourth time 
slice,” and determining the data from the fourth time value 
to closest amplitude characteristic of interest in the direction 
of interest for each seismic trace to produce a fourth array of 
time structure values. In this embodiment, all four arrays of 
time structure values are displayed as a time structure 
volume. The method of the present invention may be 
adapted to any number of time slices and arrays of time 
structure values to be displayed in a time structure volume. 

The foregoing disclosure and description of the invention 
are illustrative and explanatory. Various changes in the siZe, 
shape, and materials, as Well as in the details of the illus 
trative construction may be made Without departing from the 
spirit of the invention. 
What is claimed is: 
1. A method of processing seismic geophysical data to 

produce time structure volumes, comprising: 
a. transmitting an acoustic signal into the earth; 
b. receiving a multiplicity of re?ected acoustic signals 

from the earth, resulting from the prior transmitting 
step With a receiver array comprising at least three 
non-colinear receivers; 

c. recording the amplitude of each re?ected acoustic 
signal as a function of time to construct a seismic 
volume comprised of a seismic trace for each recorded 
acoustic signal; 

d. selecting an amplitude characteristic of interest in the 
seismic volume; 

e. identifying the time of each amplitude characteristic of 
interest for each seismic trace; 
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6 
f. selecting a ?rst time slice comprising a ?rst time value 

of amplitude data in the seismic volume; 
g. selecting a direction of interest along the time aXis of 

each seismic trace; 
h. determining the distance from the ?rst time value to the 

closest amplitude characteristic of interest in the direc 
tion of interest for each seismic trace to produce a ?rst 
array of time structure values; 

H. . selecting a second time slice comprising a second time 
value of amplitude data in the seismic volume; 

j. determining the distance from the second time value to 
the closest amplitude characteristic of interest in the 
direction of interest for each seismic trace to produce a 
second array of time structure values; and 

k. displaying all said arrays of time structure values to 
produce a displayed time structure volume. 

2. The method of claim 1, Wherein the amplitude char 
acteristic of interest is a peak. 

3. The method of claim 1, Wherein the amplitude char 
acteristic of interest is a trough. 

4. The method of claim 1, Wherein the amplitude char 
acteristic of interest is a Zero crossing. 

5. The method of claim 1, Wherein said identifying the 
time of each amplitude characteristic of interest comprises 
using a mathematical method to derive an equation for 
amplitude as a function of time. 

6. The method of claim 5, Wherein the mathematical 
method comprises a quadratic interpolation. 

7. The method of claim 5, Wherein the mathematical 
method comprises a cubic spline method. 

8. The method of claim 1, Wherein said displaying com 
prises assigning different gray scale values to different time 
structure values. 

9. The method of claim 1, further comprising repeating 
steps and for a third and a fourth time slice. 

10. A method of processing seismic geophysical data to 
produce time structure volumes, comprising: 

a. transmitting an acoustic signal into the earth from an 
acoustic source deployed over a target area; 

b. receiving a multiplicity of re?ected acoustic signals 
from the earth, resulting from the prior transmitting 
step With a receiver array comprising N by N receivers, 
Where N is an integer that is greater than or equal to 
tWo; 

c. recording the amplitude of each re?ected acoustic 
signal as a function of time to construct a seismic 
volume comprised of a seismic trace for each recorded 
acoustic signal; 

d. selecting an amplitude characteristic of interest in the 
seismic volume; 

e. identifying the time of each amplitude characteristic of 
interest for each seismic trace; 

l'" selecting a ?rst time slice comprising a ?rst time value 
of amplitude data in the seismic volume; 

g. selecting a direction of interest along the time aXis of 
each seismic trace; 

h. determining the distance from the ?rst time value to the 
closest amplitude characteristic of interest in the direc 
tion of interest for each seismic trace to produce a ?rst 
array of time structure values; 

H. . selecting a second time slice comprising a second time 
value of amplitude data in the seismic volume; 

j. determining the distance from the second time value to 
the closest amplitude characteristic of interest in the 
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direction of interest for each seismic trace to produce a 
second array of time structure values; and 

k. displaying all said arrays of time structure values to 
produce a displayed tirne structure volume. 

11. The method of claim 10, Wherein the amplitude 
characteristic of interest is selected from the group consist 
ing of a peak, a trough, and a Zero crossing. 

12. The method of claim 10, Wherein said identifying the 
time of each arnplitude characteristic of interest cornprises 
using a mathematical method to derive an equation for 
amplitude as a function of time. 

13. The method of claim 10, Wherein said displaying 
cornprises assigning different gray scale values to different 
time structure values. 

14. The method of claim 10, Wherein said displaying 
cornprises displaying different ranges of time structure val 
ues in different colors. 

15. The method of claim 10, Wherein N is at least ten. 
16. A method of processing seisrnic geophysical data to 

produce tirne structure volumes, comprising: 
a. transrnitting an acoustic signal into the earth from an 

acoustic source deployed over a target area; 

b. receiving a multiplicity of re?ected acoustic signals 
from the earth, resulting from the prior transrnitting 
step With a receiver array cornprising N by N receivers, 
Where N is an integer that is greater than or equal to 
tWo, Wherein said receiving is carried out for a time of 
at least 1.5 periods of the acoustic signal frequency; 
recording the amplitude of each re?ected acoustic 
signal as a function of time for a time at least 1.5 
periods of the acoustic signal frequency to construct a 
seismic volurne comprised of a seismic trace for each 
recorded acoustic signal; 

d. selecting an amplitude characteristic of interest in the 
seismic volume; 

9 identifying the time of each arnplitude characteristic of 
interest for each seisrnic trace; 

l'h selecting a ?rst tirne slice comprising a ?rst time value 
of amplitude data in the seismic volurne; 
selecting a direction of interest along the time aXis of 
each seisrnic trace; 

(IQ 

. determining the distance from the ?rst time value to the 
closest arnplitude characteristic of interest in the direc 
tion of interest for each seisrnic trace to produce a ?rst 
array of time structure values; 

H. . selecting a second time slice comprising a second time 
value of amplitude data in the seismic volume; 
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j. determining the distance from the second time value to 

the closest arnplitude characteristic of interest in the 
direction of interest for each seisrnic trace to produce a 
second array of time structure values; and 

k. displaying all said arrays of time structure values to 
produce a displayed tirne structure volume. 

17. The method of claim 16, Wherein said displaying 
cornprises displaying different ranges of time structure val 
ues in different colors. 

18. The method of claim 16, further comprising repeating 
steps and for a third and a fourth time slice. 

19. The method of claim 16, Wherein the amplitude 
characteristic of interest is a Zero crossing. 

20. A method of processing seisrnic geophysical data to 
produce depth structure volurnes, comprising: 

a. transrnitting an acoustic signal into the earth; 
b. receiving a multiplicity of re?ected acoustic signals 

from the earth, resulting from the prior transrnitting 
step With a receiver array comprising at least three 
non-colinear receivers; 

c. recording the amplitude of each re?ected acoustic 
signal as a function of depth to construct a seismic 
volurne comprised of a seismic trace for each recorded 
acoustic signal; 

d. selecting an amplitude characteristic of interest in the 
seismic volurne; 

. identifying the depth of each arnplitude characteristic of 
interest for each seisrnic trace; 

l'" selecting a ?rst depth slice comprising a ?rst depth 
value of amplitude data in the seismic volurne; 
selecting a direction of interest along the depth axis of 
each seisrnic trace; 

09 

h. determining the distance from the ?rst depth value to 
the closest arnplitude characteristic of interest in the 
direction of interest for each seisrnic trace to produce a 
?rst array of depth structure values; 

H. . selecting a second depth slice comprising a second 
depth value of amplitude data in the seismic volurne; 

. determining the distance from the second depth value to 
the closest arnplitude characteristic of interest in the 
direction of interest for each seisrnic trace to produce a 
second array of depth structure values; and 

. displaying all said arrays of depth structure values to 
produce a displayed depth structure volurne. 

* * * * * 


